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Introduction: Root canal irrigation has an extremely important role in the success of endodontic treatment. 
During endodontic treatment, the irrigants will be in contact with pulpal and periapical tissues. The purpose 
of this study was to clarify the potential toxicological implications of NaOCl, EDTA, MTAD, CHX and 
QMix on periapical and periodontal tissues. Methods and Materials: Cytotoxicity of solutions was evaluated 
on cultured human periodontal ligament (hPDL) that were carefully removed from the middle third of 
premolar roots. Cytotoxicity of the materials was assessed after 1, 5 and 15 min of exposure using the 
Mosmann’s Tetrazolium Toxicity (MTT) assay. Optical density of the solution was read at 540-690 nm 
wavelength. The intensity of color generated correlated with the percentage of viable cells. Data were 
statistically analyzed using repeated measures ANOVA followed by Bonferroni test. Results: The mean 
percentage of viable cells in all experimental groups was significantly different from sterile saline groups at 
all time points (P<0.0001). The mean percentage of viable cells significantly decreased over time in MTAD 
and NaOCl groups. The lowest and highest cytotoxicity belonged to MTAD and EDTA groups, respectively 
at all the time points (P<0.05). Conclusion: MTAD had the lowest cytotoxicity compared to NaOCl, CHX, 
QMix and EDTA. These impacts have been time dependent. These irrigation fluids may cause unfavorable 
effects on vital tissues.  
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Introduction 
he fulfillment of endodontic treatment depends at the 
eradication of microbes from the root canal system and the 
following prevention of reinfection. Root canal irrigation has an 
extremely important role in the success of endodontic treatment 
[1]. A really perfect root canal irrigant should be nontoxic, with 
a broad antimicrobial spectrum and the capacity to dissolve 
necrotic pulp tissue, inactivating endotoxins, and either prevent 
the formation of a smear layer or dissolve it [2-5] 
An extensive variety of irrigating solutions are available for 
endodontic use, such as NaOCl, EDTA and chlorhexidine 
(CHX) [6]. NaOCl has been widely prescribed as irrigation 
solution to aid in the chemomechanical debridement of the root 
canal system due to its dissolving activity on pulp tissue and its 
antimicrobial properties. Because of its substantive 
antimicrobial properties, CHX has become an effective oral 
antimicrobial agent for use in periodontal treatment and caries 
prevention and a remedial agent for other oral infections [7, 8]. 
Ethylenediaminetetraacetic acid (EDTA) is effective for 
removing the inorganic component of the smear layer [9, 10].  
Beside many commonly used irrigating solutions such as 
NaOCl and CHX, there are many commercial multifunctional 
mixtures accessible for this purpose. QMix (Dentsply Tulsa 
Dental Specialties, Tulsa, OK, USA) is a 2-in-1 solution 
containing a bisguanide antimicrobial agent (2% CHX) and a 
polyaminocarboxylic acid calcium-chelating agent (17% EDTA) 
[11]. MTAD (Dentsply, Tulsa, OK, USA) is a mixture of a 
tetracycline isomer, citric acid and a detergent (tween 80). This 
solution have been effectively used in disinfection of root canal 
system [12]. 
During endodontic treatment, the irrigating solution will be 
in contact with pulpal and periapical tissues. Debris as well as 
irrigating solutions may also be pushed beyond the apical 
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foramen and cause further periapical complications [13]. 
Bajrami et al. [14] evaluated in vitro cytotoxic damage induced 
by NaOCl, CHX and MTAD at different dilution on 
periodontal ligament fibroblast cells. They demonstrated that 
MTAD showed similar cytotoxicity to 3% NaOCl at all-time 
points at both dilutions and indicated that 2% CHX was more 
cytotoxic than the other 2 irrigants. According to Zhang et al. 
[15] study, there was a correlation between NaOCl 
concentration and its cytotoxicity, too. Yasuda et al. [16] 
reported that MTAD had minimal cytotoxicity against MC3T3 
and periodontal ligament cells compared to conventional 
irrigants. 
The purpose of this study was to clarify the potential 
toxicological implications of NaOCl, EDTA, MTAD, CHX and 
QMix on periapical and periodontal tissues. Since a definitive 
objective in endodontic treatment is the recovery of periapical 
tissues, the goal was to assess the cytotoxicity of different 
irrigation solutions on cultured human periodontal ligament 
(PDL) cells because these cells are responsible for normal 
maintenance and the regeneration of the periodontium [13].  
Materials and Methods 
Cytotoxicity of solutions was evaluated on cultured hPDL, 
fibroblast cells in research laboratory, Hamedan University, 
faculty of dentistry, Hamedan, Iran.  
The study protocol was approved in the ethics committee 
of Hamedan University of Medical Sciences (ID: 
IR.UMSHA.REC.1396.496). Human PDL cells [17, 18] were 
cultured from the roots of premolar extracted for orthodontic 
treatment. To avoid contamination from the gingiva, 
periodontal ligament was carefully removed from the middle 
third of root. The fragments were grown in 96-well plates 
containing Dulbecco’s modified Eagle’s medium (DMEM), 
supplemented with 10% fetal bovine serum (FBS) (Gibco, 
Grand Island, NY, USA) and antibiotics. Culture were 
incubated at 37◦C in a humidified atmosphere, 95% air and 5% 
Co2 for 24 h in water based incubator [8]. 
To obtain more cells, cells were re-cultured in culture 
medium containing 15% FBS. This cell line was cultured in 
culture medium containing 10% DMEM/bovine serum in 
sterile cell culture flasks (SPL Life, Science, Gyeonggi-do, 
South Korea). During the process of cell culture, the culture 
medium was refreshed every 2-3 days and cells were passaged 
after one week. After four passages, cells reached adequate 
confluence for cytotoxicity testing. Next, stem cells were 
transferred to 24-well plates and randomly divided into 6 
experimental groups and subjected to BioPure MTAD 
(Dentsply, Tulsa Dental, Tulsa, OK, USA), QMixTM 2 in 1 
(Dentsply, Tulsa Dental, Tulsa, OK, USA), 17% EDTA (MD-
cleanser, Meta Biomed, Chungju, Korea), 2% CHX 
(Clorhexidina S, Dentscare LTDA, Joinville, Sc, Brasil), 5.25% 
NaOCl (Sehat, Tehran, Iran) and sterile saline. Stem cells 
cultured in DMEM were used as a control group. Cytotoxicity 
of the materials was assessed after 1, 5 and 15 min of exposure 
using the Mosmann’s Tetrazolium Toxicity (MTT) assay. 
The MTT solution was prepared by dissolving 5 mg of 3- 
(4,5-dimethyl-2-thiazolyl)-2, 5-diphenyl-2H-tetrazolium 
bromide (Sigma-Aldrich Co., St. Louis, MO, USA) in 1 mL of 
PBS. After filtering, this solution was diluted 1 to 10 using 
DMEM; 400 µL of the diluted MTT solution was added to each 
well and plates were incubated at 37°C under 5% CO2 and 95% 
humidity for 4 h. After dissolution of formazan crystals, optical 
density of the solution was read at 540-690 nm wavelength 
using an Elisa Reader (Bio Tek, Winooski, VT, USA). The 
intensity of color generated correlated with the percentage of 
viable cells. Data were analyzed at different time points via 
repeated measures ANOVA followed by Bonferroni test. Level 
of significance was set at 0.05.  
 
Table 1. The percentage of viable cells in the experimental groups during 1, 5 and 10 min 
Experimental Groups 1 min 5 min 10 min P-value* 
MTAD 42.52 (10.06) Aa 34.57 (11.1) Ab 31.91 (10.68) Ab 0.031 
EDTA 16.34 (2.28) C 15.60 (3.19) C 14.97 (3.81) C 0.758 
Chlorhexidine 28.21 (4.06) B 24.38 (4.2) B 24.21 (4.51) B 0.218 
QMIX 21.37 (3.83) D 19.42 (3.61) C 18.42 (3.23 D 0.371 
Hypochlorite 37.84 (6.12) Aa 24.54 (3.75 Bb 22.83 (2.86) Bb 0.000 
Normal Saline 86.63 (13.69)  104.10 (19.95)  116.65 (23.91)  0.05 
P-Value** 0.000 0.000 0.000  
P-value*. (Repeated measures test) comparison of the effect of irrigants over time; P-value**. (One way ANOVA) comparison of viability of irrigants; a, b. (Bonferroni) the 
effect of viability of irrigants over time; A, B, C, D. (Bonferroni) the effect of viability between irrigants 
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Results 
The Bonferroni test was used to compare the viability of 
different groups. The results showed that the difference in the 
mean percentage of viable cells between the study groups and 
the control at 1, 5 and 10 min was statistically significant 
(P<0.0001). MTAD showed the highest cell viability (P<0.05) 
but EDTA significantly had the lowest cell viability compared 
to other irrigants (P<0.05) at 1, 5 and 10 min.  
Over time, no statistically significant change occurred in 
the mean number of viable cells in the EDTA, CHX and Qmix 
but in MTAD and NaOCl samples the mean number of viable 
cells decreased. The difference in the percentage of viable 
cells between 1 and 15 min time points was only significant 
in NaOCl and MTAD (P<0.05). The highest and the lowest 
cytotoxicity belonged to EDTA and sterile saline group, 
respectively. 
The mean number of cell viability comparison in different 
groups at 1, 5 and 15 min are shown in Table 1. 
Discussion 
This in vitro study was conducted to assess the cytotoxicity of 
NaOCl, EDTA, MTAD, CHX and QMix on human 
periodontal ligament cells using MTT assay. Complete 
debridement of the root canal system with the use of proper 
irrigants, eliminate the quantity of microorganisms and 
increases chances for successful root canal therapy [15]. The 
toxicity of materials used in endodontic therapy are precise 
concern because damage or irritation could cause 
degeneration of the periapical tissue and delayed wound 
healing. Ideal endodontic irrigating solution should be 
selectively toxic and act as an antimicrobial agent but with 
low periradicular tissue toxicity. MTT is well set up for 
cytotoxicity analysis of materials, being used initially for cell 
viability analysis in the 1980s [14]. This method assesses the 
ability of viable cell in changing the water-soluble tetrazolium 
salts to the insoluble formazan crystals via the activity of 
mitochondrial dehydrogenase enzymes. MTT assesses the 
cytotoxicity of dental materials based on the changes in the 
number of viable cells, cell metabolism and cell morphology. 
In this method, cell damage is underestimated and only cell 
death, in the apoptotic phase, is detected when cellular 
metabolism significantly decreases [14-16, 19]. According to 
our results, MTAD, QMix, NaOCl, EDTA and CHX solutions 
all induced cytotoxicity in human periodontal ligament cells 
and these impacts were time-dependent. The rate of 
cytotoxicity the tested irrigants in ascending order was 
EDTA, QMix, CHX, NaOCl and MTAD. Evaluation of 
cytotoxicity of material in vitro is completely cellular. Cell 
culture was compared to the periapical tissue which are 
highly susceptible to the toxic effect of materials [14]. In vitro 
tests characterized by quickness, inexpensiveness, sensitivity 
and reproducibility, can be performed either directly or 
through analysis [20]. Unfortunately, the results acquired by 
this type of assessment are not adequate for a conclusive 
clinical evaluation because under in vivo conditions, 
materials are diluted with body fluids and their concentration 
decrease [21]. Also, they are reduced by the function of 
phagocytes, vascular and lymphatic systems, the inhibitory 
effect of dentin on irrigants must be taken [22, 23]. Thus, in 
equal concentrations, the cytotoxicity of materials reduces 
over time in the clinical setting compared in vitro [14, 24].  
The study also demonstrated that MTAD was less 
cytotoxic than the other tested irrigants. This finding is in 
accordance with the results separately reported by Yasuda et 
al. [16], Zhang et al. [15] and Ring et al. [25] that stated 
higher biocompatibility of MTAD in comparison with NaOCl 
5.25% and EDTA 17%.  
The observations from the study confirmed that the 
highest cytotoxicity belonged to EDTA, followed by QMix, 
CHX and NaOCl. The present results are in contrast with 
previous studies [26-28] which indicated that NaOCl is more 
cytotoxic than EDTA but Serper et al. [29] found that the 
cytotoxicity of EDTA was remarkable at any dilution as 
evaluated by MTT assay. These findings are consistent with 
Koulaouzidou et al. [30] who reported that at 17%, 15% and 
1%, EDTA demonstrated severe cytotoxity under in vitro 
conditions. Amaral et al. [31] showed that EDTA probably 
exerted a direct effect on macrophages, promoting alterations 
on their cell membranes caused by chelator ions, such as Ca2+ 
and Mg2+, and accelerating the apoptotic process as these 
divalent cations are considered cofactors to several enzymatic 
reactions. These findings are in agreement with Segura et al. 
[32], who reported an inhibitory effect on vasoactive 
intestinal peptides (VIP) caused by EDTA. They concluded 
that EDTA reduced the VIP binding to macrophage 
membranes that are responsible for the modulation of 
periapical immune response.  
CHX is a toxic agent that binds to cell plasma membrane 
and increases its permeability, permitting the leakage of 
lysosomal enzymes [33]. In vitro studies about cytotoxicity 
recommended that CHX had a higher toxicity in cell cultures 
than NaOCl [22]. Nevertheless, they are in contrast with a 
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study [15] which found that CHX, EDTA and NaOCl display 
comparable cytotoxicity andwith other studies by Yasuda et 
al. [16] and Mollashahi et al. [34] who stated that CHX is less 
cytotoxic than NaOCl and EDTA.  
Alkahtani et al. [35] compared the cytotoxicity of NaOCl and 
QMix, which contains both EDTA and CHX, they determined 
that both solutions were toxic to human bone marrow MSC, but 
in a different mode. EDTA, which is the second QMix 
component, is also known to be cytotoxic, perhaps due to its 
chelating impact and the accentuated drop in pH that it causes 
[9]. However, in vivo investigations reported that CHX or QMix 
are less toxic than NaOCl [33, 36]. 
The less cytotoxicity of tested irrigants in this study 
related to NaOCl and MTAD. The antimicrobial effectiveness 
and cytotoxicity of sodium hypochlorite are based on its high 
pH [37]. According to Saghiri et al. [38] the pH of NaOCl 
added to the medium approached the neutral pH values in 
less time than the other irrigants which may be due to NaOCl 
dispersal ability in aqueous medium. Lowering the pH of the 
root canal irrigant (e.g. sodium hypochlorite) has some 
advantages such as increased efficacy, lower toxicity to vital 
host tissues, and increased antibacterial ability [39]. 
However, the result of these studies cannot be compared 
with the results of the present study due to different 
methodology and concentration of solution used. The 
cytotoxicity of irrigants relied on the exposure dose, 
composition of the exposure medium and length of exposure 
[40]. Estimation of cytotoxicity is absolutely cellular at this in 
vitro study, so our outcomes cannot be directly generalized to 
in vivo studies. New investigations on root canal irrigants 
should be done in animals and then in humans to assess their 
cytotoxicity and in vivo biocompatibility. 
Conclusion 
MTAD had the lowest cytotoxicity compared to NaOCl, CHX, 
QMix and EDTA. These impacts have been time dependent. 
These irrigation fluids may cause unfavorable effects on vital 
tissues. Its clinical significance needs to be evaluated further 
because exposure time, exposure surface area and 
concentration are vital factors affecting the toxicity effect. 
Acknowledgement 
The authors wish to thank the research council of Shahid 
Beheshti Dental School for financial support. 
Conflict of Interest: ‘None declared’. 
References 
 
1. Goldman LB, Goldman M, Kronman JH, Lin PS. The efficacy of 
several irrigating solutions for endodontics: a scanning electron 
microscopic study. Oral Surg Oral Med Oral Pathol. 1981;52(2):197-
204. 
2. Zehnder M. Root canal irrigants. J Endod. 2006;32(5):389-98. 
3. Sousa SMGd, Bramante CM, Taga EM. Biocompatibility of EDTA, 
EGTA and citric acid. Braz Dent J. 2005;16(1):3-8. 
4. Nourzadeh M, Amini A, Fakoor F, Raoof M, Sharififar F. 
Comparative Antimicrobial Efficacy of Eucalyptus Galbie and 
Myrtus Communis L. Extracts, Chlorhexidine and Sodium 
Hypochlorite against Enterococcus Faecalis. Iran Endod J. 
2017;12(2):205-10. 
5. Sahebi S, Sobhnamayan F, Naghizade S. The effects of Various 
Endodontic Irrigants on the Push-out Bond Strength of Calcium-
Enriched Mixture Cement and Mineral Trioxide Aggregate. Iran 
Endod J. 2016;11(4):280-5. 
6. Singla MG, Garg A, Gupta S. MTAD in endodontics: an update 
review. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 
2011;112(3):e70-e6. 
7. Greenstein G, Berman C, Jaffin R. Chlorhexidine: an adjunct to 
periodontal therapy. J Periodontol. 1986;57(6):370-7. 
8. Chang Y-C, Tai K-W, Lii C-K, Chou LS-S, Chou M-Y. 
Cytopathologic effects of arecoline on human gingival fibroblasts in 
vitro. Clin Oral Investig. 1999;3(1):25-9. 
9. Hülsmann M, Heckendorff M, Lennon A. Chelating agents in root 
canal treatment: mode of action and indications for their use. Int 
Endod  J. 2003;36(12):810-30. 
10. da Silva Beraldo AJ, Silva RV, da Gama Antunes AN, Silveira FF, 
Nunes E. Scanning Electron Microscopic Evaluation of Smear Layer 
Removal Using Isolated or Interweaving EDTA with Sodium 
Hypochlorite. Iran Endod J. 2017;12(1):55-9. 
11. Dai L, Khechen K, Khan S, Gillen B, Loushine BA, Wimmer CE, 
Gutmann JL, Pashley D, Tay FR. The effect of QMix, an experimental 
antibacterial root canal irrigant, on removal of canal wall smear layer 
and debris. J Endod. 2011;37(1):80-4. 
12. Mohammadi Z, Shalavi S. Antifungal effects of root canal irrigants 
and medicaments. An update review. N Y State Dent J. 2014;80(5):58-
63. 
13. Mariotti A, Cochran DL. Characterization of fibroblasts derived from 
human periodontal ligament and gingiva. J Periodontol. 
1990;61(2):103-11. 
14. Bajrami D, Hoxha V, Gorduysus O, Muftuoglu S, Zeybek ND, 
Küçükkaya S. Cytotoxic effect of endodontic irrigants in vitro. Med 
Sci Monit Basic Res. 2014;20:22. 
15. Zhang W, Torabinejad M, Li Y. Evaluation of cytotoxicity of MTAD 
using the MTT-tetrazolium method. J Endod. 2003;29(10):654-7. 
16. Yasuda Y, Tatematsu Y, Fujii S, Maeda H, Akamine A, Torabinejad 
M, Saito T. Effect of MTAD on the differentiation of osteoblast-like 
cells. J Endod. 2010;36(2):260-3. 
17. Coaguila-Llerena H, Vaisberg A, Velásquez-Huamán Z. In vitro 
 
IEJ Iranian Endodontic Journal 2018;13(3): 390-394 
394 Cytotoxicity of Endodontic Irrigants 
cytotoxicity evaluation of three root-end filling materials in human 
periodontal ligament fibroblasts. Braz Dent J. 2016;27(2):187-91. 
18. Chan EL, Zhang C, Cheung GS. Cytotoxicity of a novel nano-silver 
particle endodontic irrigant. Clin Cosmet Investig Dent. 2015;7:65. 
19. Ashraf H, Najafi F, Heidari S, Yadegary Z, Zadsirjan S. Cytotoxicity 
of Two Experimental Epoxy Resin-Based Sealers. Iran Endod J. 
2018;13(2):257. 
20. Willershausen B, Marroquín BB, Schäfer D, Schulze R. Cytotoxicity 
of root canal filling materials to three different human cell lines. J 
Endod. 2000;26(12):703-7. 
21. Labban N, Yassen GH, Windsor LJ, Platt JA. The direct cytotoxic 
effects of medicaments used in endodontic regeneration on human 
dental pulp cells. Dent Traumatol. 2014;30(6):429-34. 
22. Trevino EG, Patwardhan AN, Henry MA, Perry G, Dybdal-
Hargreaves N, Hargreaves KM, Diogenes A. Effect of irrigants on the 
survival of human stem cells of the apical papilla in a platelet-rich 
plasma scaffold in human root tips. J Endod. 2011;37(8):1109-15. 
23. Haapasalo M, Qian W, Portenier I, Waltimo T. Effects of dentin on 
the antimicrobial properties of endodontic medicaments. J Endod. 
2007;33(8):917-25. 
24. Malheiros C, Marques M, Gavini G. In vitro evaluation of the 
cytotoxic effects of acid solutions used as canal irrigants. J Endod. 
2005;31(10):746-8. 
25. Ring KC, Murray PE, Namerow KN, Kuttler S, Garcia-Godoy F. The 
comparison of the effect of endodontic irrigation on cell adherence to 
root canal dentin. J Endod. 2008;34(12):1474-9. 
26. Marins JS, Sassone LM, Fidel SR, Ribeiro DA. In vitro genotoxicity 
and cytotoxicity in murine fibroblasts exposed to EDTA, NaOCl, 
MTAD and citric acid. Braz Dent J. 2012;23(5):527-33. 
27. Vouzara T, Koulaouzidou E, Ziouti F, Economides N. Combined and 
independent cytotoxicity of sodium hypochlorite, 
ethylenediaminetetraacetic acid and chlorhexidine. Int Endod J. 
2016;49(8):764-73. 
28. Prado M, SILVA EJNLd, Duque TM, Zaia AA, FERRAZ CCR, 
ALMEIDA JFAd, GOMES BPFdA. Antimicrobial and cytotoxic 
effects of phosphoric acid solution compared to other root canal 
irrigants. J Appl Oral Sci. 2015;23(2):158-63. 
29. Serper A, Çalt S, Dogan AL, Guc D, Özçgelik B, Kuraner T. 
Comparison of the cytotoxic effects and smear layer removing 














30. Koulaouzidou EA, Margelos J, Beltes P, Kortsaris AH. Cytotoxic 
effects of different concentrations of neutral and alkaline EDTA 
solutions used as root canal irrigants. J Endod. 1999;25(1):21-3. 
31. Amaral K, Rogero M, Fock R, Borelli P, Gavini G. Cytotoxicity 
analysis of EDTA and citric acid applied on murine resident 
macrophages culture. Int Endod  J. 2007;40(5):338-43. 
32. Segura JJ, Calvo JR, Guerrero JM, Sampedro C, Jimenez A, Llamas R. 
The disodium salt of EDTA inhibits the binding of vasoactive 
intestinal peptide to macrophage membranes: endodontic 
implications. J Endod. 1996;22(7):337-40. 
33. Chandrasekhar V, Amulya V, Rani VS, Prakash TJ, Ranjani AS, 
Gayathri C. Evaluation of biocompatibility of a new root canal 
irrigant Q Mix TM 2 in 1-An in vivo study. J Conserv Dent. 
2013;16(1):36. 
34. Mollashahi NF, Saberi E, Karkehabadi H. Evaluation of cytotoxic 
effects of various endodontic irrigation solutions on the survival of 
stem cell of human apical papilla. Iran Endod J. 2016;11(4):293. 
35. Alkahtani A, Alkahtany SM, Mahmood A, Elsafadi MA, Aldahmash 
AM, Anil S. Cytotoxicity of QMix endodontic irrigating solution on 
human bone marrow mesenchymal stem cells. BMC Oral Health. 
2014;14:27. 
36. Gomes-Filho JE, Aurélio KG, Costa MMTdM, Bernabé PFE. 
Comparison of the biocompatibility of different root canal irrigants. 
J Appl Oral Sci. 2008;16(2):137-44. 
37. Estrela C, Estrela CR, Barbin EL, Spanó JCE, Marchesan MA, Pécora 
JD. Mechanism of action of sodium hypochlorite. Braz Dent J. 
2002;13(2):113-7. 
38. Saghiri MA, Delvarani A, Mehrvarzfar P, Nikoo M, Lotfi M, 
Karamifar K, Asgar K, Dadvand S. The impact of pH on cytotoxic 
effects of three root canal irrigants. Saudi Dent J. 2011;23(3):149-52. 
39. Christensen CE, McNeal SF, Eleazer P. Effect of lowering the pH of 
sodium hypochlorite on dissolving tissue in vitro. J Endod. 
2008;34(4):449-52. 
40. Mohammadi Z, Abbott P. The properties and applications of 
chlorhexidine in endodontics. Int Endod  J. 2009;42(4):288-302. 
 
Please cite this paper as: Karkehabadi H, Yousefifakhr H, 
Zadsirjan S. Cytotoxicity of Endodontic Irrigants on Human 
Periodontal Ligament Cells. Iran Endod J. 2018;13(3):390-4. Doi: 
10.22037/iej.v13i3.20438. 
 
